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325 9th Avenue, Box 359796, Seattle, WA 98104, USAPneumatic nail guns are commonly used in a vari-
ety of construction applications. Nail gun injuries
are common, and account for a significant amount
of work related injuries.7 Fortunately, the majority
of these injuries are not life threatening and
usually occur to the hands and fingers. However,
these powerful tools can injury any portion of the
body, including the heart, with potential devastat-
ing results despite currently applied tool safety
features and education. Currently, only 20 cases of
cardiac injury due to pneumatic nail guns have
been reported.5,8,9,11 In the following report, we
describe the diagnosis, and management of a work
place accidental pneumatic nail gun injury to the
heart.Case report
A 23-year-old male presented to our trauma center
after slipping off of a stepladder while using a nail
gun at a construction site. He reported sustaining a
single nail injury to his chest. At presentation, he* Corresponding author. Tel.: +1 206 731 4231;
fax: +1 206 731 3656.
E-mail address: jcuschie@u.washington.edu (J. Cuschieri).
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doi:10.1016/j.injury.2005.05.003had normal mental status, a heart rate of 123, blood
pressure of 126/72, and mild shortness of breath.
Physical exam revealed the head of a nail protruding
from his skin 6 cm inferior to the junction of the
manubrium and body of the sternum. Chest radio-
graphy suggested the probability of an underlying
intra-thoracic injury (Fig. 1). Echocardiography
revealed the presence of pericardial fluid. As a
result, the patient was taken to the operating room
during which time he developed tamponade.
In the operating room, transesophageal echocar-
diography demonstrated the tip of the nail in the
right ventricle with associated adherent clot and the
presence of in increased amount of pericardial fluid.
A median sternotomy was performed and the nail
was removed. A laceration of the right ventricle was
discovered, and was repaired with a single pled-
geted 3-0 polypropylene suture (Fig. 2). Intra-
operative echocardiography following the repair
demonstrated retained clot within the right ventri-
cle without any septal injury (Fig. 3). The patient’s
post-operative course was uneventful and he was
discharged to home on post-operative day 3. Echo-
cardiography performed prior to discharge revealed
normal biventricular function and resolution of the
intraventricular clot. At a 4-month follow-up visit,
the patient was doing well.
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Figure 1 AP (left panel) and lateral chest radiography demonstrating course of nail.Discussion
Pneumatic nail guns have been used by the con-
struction industry for nearly 45 years and since their
inception there have been numerous reports of
injuries sustained as a direct result of nail gun
use. Most injuries are not life threatening and result
in isolated puncture wounds to the hand or fingers7.
However, even these presumed minor injuries are
associated with significant social and economic
effects since the majority of these injuries result
in significant amount of lost work. Currently it is
estimated that pneumatic nail gun injuries occur at
a rate of 0.26 cases per 200,000 work hours and
account for 3.9% of workers’ compensation claims4.
Nail guns are divided into low-velocity and high-
velocity tools. High-velocity nail guns are charac-
terized by a speed greater than 150 m/s and require
an explosive cartridge to propel the nail12. Low-
velocity nail guns are characterized by a speed less
than 150 m/s and rely on compressed air or a car-
tridge to fire a piston resulting in the firing of the
nail. The energy delivered from these devices varies
greatly, but ranges between 100 and 1000 J11. Due
to the poor stabilization of the tool, tumbling of the
nail projectile is common. As a result of these many
different factors, pneumatic nail gun injuries pre-Figure 2 Suture closure of right ventricular laceration.sent in a variety of ways. Many reported cases are
accidental, but there are reports of self-inflicted
purposeful injuries. Due to the potential devasta-
tion associated with these injuries, most nail guns
now have safety features that prevent misfiring.
Despite this safety mechanism and others cur-
rently applied to pneumatic nail guns, inadvertent
and intentional injuries can lead to serious compli-
cations. Although these can include injuries to any
potential part of the body, life threatening acciden-
tal injuries to the heart, as demonstrated in this
case, do occur3,6,11. Although nail gun injuries to the
heart are relatively uncommon with only 20
reported cases to date, diagnosis and management
of this injury is similar to that of any penetrating
cardiac injury.
Although most injuries can be quickly diagnosed
by physical exam alone, chest radiography and
ultrasound can aid in the diagnosis. As used in the
case presented, chest radiography suggested pene-
tration of the heart. Additionally, pericardial ultra-
sound performed as part of the FAST exam quickly
identified pericardial fluid. The identification ofFigure 3 Intrao-perative transesophageal echocardio-
graphy revealing retained thrombus (white arrow) in right
ventricle.
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tive for a cardiac injury when identified10. Although
much more time consuming and difficult to perform
in the emergency department, transesophageal
echocardiography can also aid in the diagnosis of
cardiac injury. The greatest utility for transesopha-
geal echocardiography, on the other hand, is for
intra-operative cardiac assessment. As used in the
case, transesophageal echocardiography used intra-
operatively can assess overall cardiac function, and
the presence of intra-cardiac abnormalities, such as
clot and septal injuries2. Previous reports have also
suggested other investigational studies such as chest
CT and electrocardiography5. Although each of
these studies may have there utility in the diagnosis
of cardiac injury due to a nail gun, nearly 75% of the
previous reported cases presented with hemody-
namic instability due to tamponade making the
ability of these investigational studies difficult to
complete.
Once the diagnosis is made, operative interven-
tion similar to other cardiac injuries is usually
required. However, of the previous 16 survivors of
this injury, one was successfully treated with obser-
vation alone. Fortunately, survivability from this
injury remains high with an overall survival rate
of 80%. Most deaths occur in those who sustain
intentional self-inflicted wounds and subsequently
do not seek medical help11. Although this penetrat-
ing cardiac injury is associated with a projectile
similar to a gunshot wound, the relatively low mor-
tality rate is more characteristic of the mortality
rate of stab wounds compared to gunshot wounds.
This is most likely due to the nail projectile’s limited
kinetic energy and relatively small impact force
resulting in little diffusion of energy.
Although most of these injuries do not result in
death, tool safety and prevention remains impor-
tant in the work place. In the last several years,
significant improvements in the safety features of
pneumatic nail guns have been made. Currently,
pneumatic nail guns require that a pressure gradient
be applied to a surface of greater than 100 Newstons
prior to firing1,4. It is thought that this particular
safety feature is associated with a significant reduc-
tion in the number of accidental injuries resulting in
a reduction in the inadvertent non contact firing of a
nail projectile. However, this feature alone, as
demonstrated in the case presented, does not com-
plete remove the risk of accidental injury. Thus,
education remains the most critical prevention
strategy to reducing the number of injuries sus-
tained each year from nail guns4. Although manda-tory training and licensing has been advocated, this
has unfortunately not been universally adopted.
However, this should not detour employers from
making a conscious effort to educate those who
use these tools. As a result of these advances and
improvement in training of personnel using nail
guns, the incidence of injuries sustained will hope-
fully decline in the years to come.
In conclusion, penetrating pneumatic nail inju-
ries to the heart are not common but when they do
occur there is a high survival rate and a high repair
success rate. Early identification of the nail location
and surgical exploration and repair appears to be
essential in the successful treatment of these inju-
ries. Simple diagnostic tests such as CXR and ultra-
sound should be utilized to identify the location of
the nail. Although this injury is associated with a
high degree of success, continued efforts at pre-
vention are required that will hopefully lead to a
significant reduction in the occurrence of these
potentially fatal injuries.References
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